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(54) Irkformation recording apparatus 

(57) An infornnation recording apparatus capable of 
detecting an accurate tracking error even if a reflectance 
or a transmlttance of respective Information recording 
layers varies when information Is recorded onto a mul- 
tilayer optical information recording medium having a 
plurality of information recording layers, wherein the ap- 
paratus comprises a detecting device for detecting a po- 
sition of a boundary portion (33) between a recorded ar- 



ea {31 ) where the mformation has already been record- 
ed and an unrecorded area (32) in the information re- 
cording ^ayer; ar^ inhibiting devicefor inhibiting recording 
the Information onto an area in one information record- 
ing layer In a case where the boundary portion in an in* 
formation recording layer may affect a Iracking sen/o for 
recording the information onto said one information re- 
cording layer. 
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Description 

[00011 The present invention relates to a multilayer 

optica! informatjon recording medium having a plurality 
of infomnation recording layers where information is re- 3 
corded and an information recording apparatus for re- 
cording informatton onto the multilayer optical informa- 
tion recording medium. 

[OOOSJJ In recent years, mass-storage optical disks, 
typically CD or DVD, have come into wide use. Addition- 10 
ally, to further improve recording densities of optical 
disks accordlngto demand for recording long-time video 
data or the like, a multilayer optical disk having two or 
more information recording layers Is under deveiop- 
ment. In addition, if each information recording layer Is ^5 
formed by a phase change recording layer, it becomes 
possible to realize a multilayer optical disk capable of 
recording information in addition to reproducing infor- 
mation. 

[0003] The phase change recording layer of the mul- 20 
tilayer optical disk, however, is put in a crystaiilne state 
initially before recording, while it is put in an annorphous 
state after the recording. \n general, an unrecorded area 
having the phase cinange recording layer in the crystai- 
line state differs from a recorded area having the phase -25 
change recordmg layer in the amorphous state in a re- 
flectance and atransmittance. Assuming such a condi- 
tion that an information recording ^ayer, which ts an ob- 
ject of recording, is irradiated with a laser beam in re- 
cording onto a recordabie two-layer optical disk and that 
its reflected light is received, the recording on the infor- 
matlor^ recording layer near the Jaser source is affected 
by a reflectance of an underlying infomnation recording 
layer Furthermore., dunng recording onto an information 
recording layer far from the laser beam emitting side, 35 
the recording is affected by a reflectance or a transmit- 
tance of an overlying information recording layer. Unless 
a uniforrr^ distribution is observed in the transmittance 
or the reflectance of each information recording layer, 
an intensity distribution may be uniformless in the optical 
beam of an optical detector 

[0004] Particularly, in perfornr^ing a tr^king servo in 
an information recording apparatus for recording onto 

the multilayer optical disk, a variation of the transmit- 
tance or the reflectance remarkably affects the tracking 
servo. In other words, if the recorded area is mixed with 
the unrecorded area in the infomnation recording layer, 
components caused by the variation of the transmit- 
tance or the reflectance are superposed on the light in- 
tensity distribution in ttie optical detector. Additionally, if 
a laser beam is transmitted or reflected in the vicinity of 
a boundary portion between the recorded area and the 
unrecorded area, it may cause an offset in a tracking 
error in the information recording layer which is an object 
of recording. The offset occurs in the tracking error since 
the effect of the boundary portion causes laser power to 
be asymmetric between one side and the other side in 
the disk radial direction even if a track is traced accu- 



rately ir^ detecting a tracking error in the push-pull meth- 
od generally used for the informatiori recording appara- 
tus. As set forth hereinabove, there has been such a 
problem that a performance of the tracking servo is un- 
successfully secured due to the offset of the trackmg er- 
ror caused by a recording condition of each information 
recording layer when information is recorded onto a re- 
cordable multilayer optical disk. 

[0005] Therefore, the present rnventron is provided in 
view of these problems and it is an object of the present 
invention to provide an information recording apparatus 
cap^?e of detecting an accurate tracking error without 
affecting a tracking servo in other information recording 
layers even if a reflectance or a transmittance of each 
information recording layer varies according to a pres- 
ence or absence of a recorded area when information 
is recorded onto a multilayer optical information record- 
ing medium. 

[0006] In one aspect of the present invention , there is 
provided an information recording apparatus for optical- 
ly recording information onto an information recording 
medium having a plurality of ir^formation layers. The ap* 
paratus is provided with; a detecting device for detecting 
a position of a boundary portion between a recorded ar- 
ea where tfie information has already been recorded 
and an unrecorded area in the information recording lay- 
er; an inhibiting device for inhibiting recording the infor- 
mation onto an area in one Information recording layer 
in a case where the boundary portion in an Information 
recording layer may affect a tracking servo for recording 
the information onto said one inforhnation recording lay- 
er 

[0007] According to this aspect, a detecting device 

detects a position of a boundary portion between a re- 
corded area where the information has already been re- 
corded and an unrecorded area in the infomiation re- 
cording layer. Then an inhibiting device for Inhibiting re- 
cording the information onto an area in one information 
recording fayer in a case where the boundary portion in 
an information recording layer may affect a tracking ser- 
vo for recording the information onto said one Informa- 
tion recording layer Therefore, with a control to inhibit 
recording onto areas corresponding to the vicinity of the 
boundary portion {for example, given areas where re- 
spective information recording surfaces overlap in a nor- 
mal direction), it is possible to prevent an occurrence of 
an offset in a tracking error so as to realize an accurate 
tracking servo m recording onto the multilayer optfcaf in- 
formation recording medium. 

[0008] In another aspect of the present invention, the 
inhibiting device Includes a determing device for de- 
terming a degree of the effect of the boundary portion 
on the tracking servo on the basis of the number of re- 
corded or unrecorded tracks of the other information re- 
cording layers within a range of a diameter of a luminous 
flux in the boundary portion iiradiated with a light beam 
for recording. 

[0009] , According to this aspect, the number of record- 
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ed or unrecorded tracks is identified within a range of a 
diameter of a luminous flux in the boundary portion irra- 
diated with the light beam when infornr^ation is recorded 
onto the multilayer op\\ca\ Information recording medi- 
um, thereby enabling a rough area comparison between 
the recorded areas and the unrecorded areas and facil- 
itating a determination of whether there is an effect on 
the tracking servo. 

[001 0| In further aspect of the present invention, an 
information recording apparatus for optical]y recording 
information onto an information recording medium hav- 
ing a plurality of information layers with a Hght beam for 
recordmg is provided with ; a recording device for record- 
ingthe information onto the target information recording; 
a trac1<ing error detecting device for detecting a tracking 
error on the basis of the light beam receiving signal; a 
controlling device for oontrotling a recording order for 
the respective information recording layers so as to start 
recording onto another information recording layer 
when recording onto the whole area of the target infor- 
mation recording layer is completed. 
[0011] According to this aspect, a recording device 
record the Information onto the target information re- 
cording. While a tracking error detecting device detects 
a tracking error on the basis of the light beam receiving 
signal Then a controlling device controls a recording or- 
der for the respective information recording layers so as 
to start recording onto another mformation recording 
layer when recording onto the whole area of the target 
information recording layer is completed. Therefore, 
during recording onto the target infonnation recordmg 
layer, each of other information recording layers is en- 
tirely covered by either of a recorded area and an unre- 
corded area, thereby inhibiting a mixture of the recorded 
areas and ihe unrecorded areas, preventing the bound- 
ary portion from affecting the tracking servo, and realiz- 
ing the accurate tracking servo when Information is re- 
corded onto the multilayer optica! information recording 
medium. 

[0012] In further aspect of the present invention, the 
controliing device controls the recording order so as to 
record information onto an adjacent information record- 
ing layer one by one toward a light beam emrtting source 
from the information recording layer farthest from the 
light beam emitting source, 

{;0013] According to this aspect, thecontrolling device 
controls the recording order so as to record Information 
onto an adjacent information recording layer one by one 
toward aWghx beam emitting source from the information 
recording layer from the light beam emitting source. 
Therefore, a farther layer is always a recorded area and 
a near layer is always an unrecorded area for the infor- 
mation recording layer to be an object of recording, 
thereby stabilizing a detection of a tracking error with 
keeping a stable irradiation condition with the recording 
light. 

£0014] In further aspect of the present invention, the 
controlling device controls the recording order so as to 



record information onto an adjacent mformatlon record- 
ing layer one by one farther from a light beam emitting 
source from the information recording layer nearest the 
light beam emitting source. 

5 [001 5] According to this aspect, the contr-oiling device 
controls the recording order so as to record information 
onto an adjacent information recording layer one by one 
farther from a light beam emitting source from the infor- 
mation recording layer nearest the light beam emitting 

^0 source. Therefore, a near iayer is always a recorded ar- 
ea and a further layer is always an unrecorded area for 
the information recording layer to be an object of record- 
ing, thereby stabilizing a detection of a tracking error 
with keeping a stable Irradiation condition with the re- 

^5 cording light. 

[0016] In the Drawings; 

FIG. 1 is a diagram showing a sectional structure of 
a two-layer optical disk which is atypical multilayer 
20 optical information recording medium in the pre- 
ferred embodiments; 

FIG. 2 is a block diagram showing a schematic con- 
figuration of an information recording apparatus ac- 
cording to the embodiments; 

^5 FIG. 3 A is a cross section diagram of assistance in 

explaining a condition in which recording and repro- 
ducing to or from a second information recording 
layer of the two-layer optical disk is affected by a 
first information recording layer; 

30 FIG. 3B Is a plain diagram of assistance in explain- 
ing a condition in which recording and reproducing 
to or from a second information recording layer of 
the two-layer optical disk is affected by a first infor- 
mation recording layer; 

55 FIG. 4 is a diagram showing a light receiving pattern 

corresponding to the condition shown in FIG. 3 in a 
light receiving position of a pickup; 
FIG, 5 is a flowchart of assistance in explaining a 
procedure for record processing corresponding to 

40 a first embodiment; and 

FIG. 6 is a flowchart of assistance in explaining a 
procedure for record processing corresponding to 
a second embodiment. 

45 [0017] The preferred embodiments of the present in- 
vention will f^ow be described in detail hereinafter with 
reference to the accompanying drawings. 
[0018] Referring to FIG. 1 , there is shown a diagram 
of a sectional structure of a two-layer optical disk 1 which 

^0 is an example of a multilayer optical information record- 
ing medium according to this embodiment. As shown in 
FIG. 1 , the two-iayer optical disk 1 has a sectional struc- 
ture formed by a cover iayer 11 , a first information re- 
cording layer 12, a spacer layer 13, a second Informa- 

55 tion recording iayer 1 4, and a disk substrate 1 5 sequen- 
tially- When an infonnation recording and reproducing 
apparatus according to this embodiment described ^ater 
records Information on the two -layer optical disk 1 , a la- 
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ser beam is emitted from the upper side in FIG. 1 . 
[0019] In FIG. 1, the cover layer 11 is used for protect- 
ing the first information recording layer 12, having a giv- 
en thickness. The first mformatlon recording layer 12, 
which has a phase change recording layerfor recording 
mformation on the basis of a phase change, is a record- 
ing iayer iocated relaliveiy near the laser beam emitting 
source. The spacer layer 13 is a transparent layer ar- 
ranged between the first Information recording layer 12 
and the second information recording iayer 14. The sec- 
ond information recording layer 14, which has a phase 
change recording layer in the same manner as for the 
first information recording layer 12, is a recording layer 
located reiatively far from the laser beam emitting 
source. The disk substrate 15 is a substrate having a 
given thfckness, made of polycarbonate material or the 
like. 

[00201 In the above two- layer optica! disk 1 . the phase 
change recording layers formed on the first information 
recording iayer 1 2 and the second information recording 
layer 14 are crystalline in its initial state, while their char- 
acteristic changes to an amorphous state by being irra- 
diated with a laser beam at recording and reproducing. 
!n other words, a recorded area in which information is 
recorded Is put in the amorphous state and an unrecord- 
ed area is put in the crystalline state. Generally, a re- 
flectance for a laser beam depends upon the crystalline 
state or the amorphous state on the basis of character- 
istics of the phase change recording material, in other 
words, the reflectance varies according to the recorded 
area or the unrecorded area in the first information re- 
cording layer 1 2 orthe second mformation recording lay- 
er 14. 

[0021] For the two- layer optical disk 1 havingthesec- 
tional structure in F!0. 1 , recording onto the first infor- 
mation recording iayer 1 2 is affected by a reflectance of 
the second information recording layer 14. In other 
words, when a laser beam is condensed on the first in- 
formation recording iayer 12 and its reflected light is de- 
tected by an optical detector, a reflected light from the 
second information recording layer 14 reaches the op- 
tical detector as a stray light component and therefore 
a detected level varies according to the reflectance. In 
addition, a reflectance and a transmittance of the first 
infomnatlon recording layer 12 affect recording onto the 
second information recording layer 14, In other words, 
a laser beam passes through the first information re- 
cording layer 12 when It is condensed on the second 
infomnation recording layer 14, and therefore a light in- 
tensity distribution of the irradiation varies according to 
its reflectance and a reflected light from the first infor- 
mation recording layer 12 have an effect with the same 
action as for the above. 

[0022] Next, referringto FIG. 2, there is shown a block 
diagram of a schematic configuration of the information 
recording and reproducing apparatus according to this 
embodiment, The information recording and reproduc- 
ing apparatus shown in FIG. 2 comprises a control sec- 



tion 21, a spindle motor 22, a spindle driver 23, a pickup 
24, a feeding mechanism 25, a sen/o circuit 26, and a 
signal processing section 27 and perfonns a recording 
operation of the mounted two-layer optical disk 1 , 
5 [0023] in the above arrangement, the control section 
21 controls the recording operation of the information 
recording apparatus as a whole. The control section 21 
is connected to respective components shown in FIG. 
2 to control the operation by exchanging data or control 
signals. This control section 21 has a role of executing 
and controlling the record processing in this embodi- 
ment as described later 

[0024] The two-layer optical disk 1 mounted on the in- 
formation recording and reproducing apparatus is irra- 

15 diated with a laser beam by the pickup 24 while it Is driv- 
en rotatively by the spindle motor 22. In this condition, 
the spindle driver 23 controls the rotation of the spindle 
motor 22 so that a regular (inear velocity is maintained 
for the two-layer optical disk 1 . 

20 [0025] The feeding mechanism 25 controls a move- 
ment of the pickup 24 in a radial direction of the two- 
layer optical disk 1 by driving and controlling a feeding 
motor so as to move the pickup 24 to a tr^ck position 
corresponding to the above recorded area at recording 

25 and reproducing. The servo circuit 26 controls an actu- 
ator of the pickup 24 for a focusing servo and a tracking 
servo. The signal processing section 27 drives and con- 
trols a semiconductor laser of the pickup 24 on the basis 
of the recorded information and performs signal 

30 processing for generating various signals on the basis 
of a light receiving output of the pickup 24. 
[0026] Subsequently, in this embodiment, the pickup 
24 detects a trac*dng error in the push -pull method so 
as to enable the servo circuit 26 to perform a tracking 

05 servo. In this condition, the ptckup 24 detects the track- 
ing error on the basis of a differential output between a 
disk Inner circumferential side and a disk outer circum- 
ferential side at tracing on tracks. If a recorded area is 
mixed with an unrecorded area on the two -iayer optical 
disk 1 as set forth in the above, then there is a problem 
that an offset of the tracking error is caused by an effect 
of their boundary portion. 

[0027] Referring to FIG. 3, there is shown a diagram 
of assistance In explaining a condition affected by the 

45 first Information recording layer 12 at recording and re- 
producing to or from the second information recording 
layer 14 of the two-layer optical disk 1 . FIG. 3A shows 
a condition of a cross section at recording and repro- 
ducing to or from the second information recording layer 

50 14, in which a recorded area 31 where information has 
already been recorded is adjacent to an unrecorded ar- 
ea 32 maintaining an initial state In a boundary portion 
33 in the first information recording layer 12. In other 
words, the cross section is put in the condition shown in 

55 FIG. 3A if a part of a track range remains in the initial 
state when information is written onto the first Informa- 
tion recording layer 12 a plurality of times. 
[0028] On the other hand, the laser beam emitted 
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from the side of the cover layer 11 passes through the 
first information recording layer 1 2 and Is condensed on 
the second infomiation recording fayer 14 to form a 
beam spot BS. In this condition, as shown In FIG, 3A, 
an irradiated area 34 of the first information recording 
layer 12 Is irradiated in a defocus state with the laser 
beam and a reflection of its partial area affects a reflect- 
ance in the irradiated area 34. Then, there occurs a 
tracking error offset problem due to an action described 
later when the irradiated area 34 in the first information 
recording layer 12 overlaps the boundary portion 33 as 
shown in FIG. 3A. 

[0029] Referring to FIG, 3B, there is shown a diagram 
of assistance in typically explaining a condition of the 
first information recording layer 12, which is a top view 
of FIG. 3A. As shown in FIG. 38, the irradiated area 34 
in the ftrst information recording layer 12 is in the defo- 
cus state and therefore spreads in a relatively wide area 
including a plurality of tracks T (FiG. 38 shows an ex~ 
ample in which the irradiated area 34 includes ten tracks 
T). Correspondently with FIG. 3A, a center of the irradi- 
ated area 34 afmost matches the boundary portion 33 
and the irradiated area includes almost the same area 
of the recorded area 31 as for the unrecorded area 32. 
[0030] Generally, a reflectance of the phase change 
recording layer in the crystai line state is higher than that 
a reflectance in the amorphous state and therefore a re- 
flectance of the unrecorded area 32 is lower than a re- 
flectance of the recorded area 31 . Accordingly, the re- 
flected light from the irradiated area 34 is. received by 
the pickup 24 m a state of an asymmetric light intensity 
distribution tn the disk radial direction. As a result of a 
superposition of this light on the reflected light from the 
second information recording fayer 14, an offset occurs 
in the tracking error as described later 
E0031] The luminous flux diameter D of the irradiated 
area 34 is generally given by the following expression: 

D=NA/nxdx2 (1) 

where HA is a numerical aperture, n is a refractive index 

of a substrate, and d is a distance between the first in- 
formation recording layer 1 2 and the second information 
recording layer 14. For example, on condition that 
NA=0.85, n=1 ,5. and d=30M,m, the luminous flux diam- 
eter D equals 50|im or so. 

[00321 Next, referring to FIG, 4, there is shown a dia- 
gram of a light receiving pattern corresponding to the 
condition shown in FIG, 3 in a light receiving position of 
the pickup24. By using FIG. 4, a description will be given 
below on a mechanism in which an offset occurs in a 
tracking error in the second information recording (ayer 
14. The iight receiving pattern shown In FIG, 4 includes 
a light receiving pattern 41 corresponding to a beam 
spot BS of the second iafomnation recording iayer 14 
and a light receiving pattern 42 corresponding to an ir- 
radiated area 34 of the first information recording layer 



12 superposed on It. In addition, an optical detector 24a 
having a tetrameric configuration is arranged in the po- 
sition of the light receiving pattern 41 corresponding to 
the beam spot BS. 

5 [0033] The optical detector 24a is assumed to com- 
prise segmented areas A, B, G, and D, with the areas A 
and B in one side and the areas C and D in the other 
side with respect to a disk radial direction, A tracking 
error in the push-pull method can be detected by obtain- 

^0 ing a differential output (A+B)-(C+D) based on respec- 
tive segmented areas. On the other hand, the light re~ 
ceiving pattern 41 corresponding to the beam spot BS 
is made of a primary diffracted light S1 corresponding 
to a track groove superposed on a 2ero-order diffracted 

^5 light SO which is the main component. When the beam 
spot BS traces the center of the track, the primary dif- 
fracted iight SI is distributed symmetrically with respect 
to the track, thereby causing no tracking error 
[0034] In FIG. 4, however, the light receiving pattern 
42 in the Irradiated area 34 affects a tracking error. In 
other wordS: the boundary portion 34 matches the po- 
sitron corresponding to the track to be traced, and there- 
fore one side of the area in the disk radial directron over- 
laps the recorded area 31 and the other side of the area 

25 overlaps th e u n reco rded area 32 , th ereby cau s i n g a I i g h t 
receiving level to be asymmetric with respect to the disk 
radial direction. As a resuft, the dilTerential output (A+B) 
"{C+D) with the optical detector 24a does not equal 0 
even if the beam spot BS traces the center of the track, 

00 thereby causing an offset In the tracking en^or. 

[0035] This holds true not only for the above two- layer 
optical disk 1 , but for a multilayer optical disk where a 
plurality of information recording layers are formed in the 
same manner. In the latter case, an information record- 

^5 ing layer to be an object of recording In the multilayer 
optical disk is affected by a reflectance of other informa- 
tion recording layers. Therefore, if there is a mixture of 
recorded areas and unrecorded areas in any of other 
information recording layers, the above problem may 

40 occur in a tracking servo in the push-pull method. 

[0036] Furthermore, while the effect of the reflectance 
in the first information recording layer 12 has been de- 
scribed in the example shown in F^G. 3 and FIG. 4, an 
effect of a transmittance can be described in the same 

45 manner. If only the effect of the transmittance is consid- 
ered, an optical beam which has passed through the first 
information recording iayer 12 is applied to the beam 
spot BS of the second infonnation recording layer 14 
and therefore a light receiving levei becomes asymmet- 

so ric only in the iight receiving pattern 41 in FIG, 4, !n this 
condition, with an appropriate adjustment of an ab- 
sorptance of a phase change recording material in the 
two-layer optica! disk 1 , a transmittance of the recorded 
area 31 can be equivalent to that of the unrecorded area 

55 32. in this condition, there is no need for taking into con- 
sideration an effect of the transmittance, but only the ef- 
fect of the reflectance should be considered. 
[0037] While the effect of the first information record- 
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ing layer 12 has been described in recording onto the 
second information recofdmg layer 14 in the example 
shown in FiG. 3 and FIG. 4, an effect of the second in- 
forniation recording layer 14 can also be described in 
the same manner in recording onto the first Info rmation 
recording layer 1 2 Jn this condition, however, the optjcal 
beam which has passed through the underlying second 
information recording layer is not applied to the overly- 
ing first information recording layer 12 and therefore 
there is no need for taking onto consideratron the trans- 
mittance of the second infonnation recording layer 14, 
but only the effect of the reflectance should be consid- 
ered. 

[0038} In this embodinnent, the above problem is re- 
solved by using a procedure for record processing onto 

a multilayer optical disk. Hereinafter, a first embodiment 
and a second embodiment ml\ be described by giving 
an example of the present invention applied to record 
processing onto a general multilayer optical disk includ- 
ing two or more layers. 

[0039] First, a first embodiment accordmg to the 
present invention is described below. Referring to FIG. 
5, there Is shown a fiowchart of assistance in explaining 
a procedure for record processing con-esponding to the 
first embodiment. As shown m FIG, 5, after the record 
processing is started, it is determined whether recording 
position information of the multilayer optical disk is read- 
abie (step S1). This recording position infomiation indi- 
cates a recording position in each information recording 
iayerfoimmgthe muttilayer opticai disk. In other words, 
the positions of the recorded area 31, the unrecorded 
area 32, and the boundary portion 33 therebetween can 
be Identified on the basis of this recording position in- 
formation. 

[0040] if the above recording position information is 
recorded in a given record area of the multilayer optical 
disk {step S1), it should be read for use. On the other 
hand, the recording position Information cannot be read 
from the multilayer optical disk in some cases (step S1 : 
NO). In other words, according to a multilayer optical 
disk type, there are assumed the following conditions; 
there is no record area for recording the recording po- 
sition information or the recording position information 
cannot be recorded appropriately in the record area due 
to a defect during the recording operation. In these con- 
ditions, the respective information recording layers 
forming the multilayer optlcat disk are scanned to check 
the recorded condition (step S2). At this point, phase 
change recording layers of the information recording 
layers are scanned at h igh speed and the recorded con- 
dition IS fdentified on the basis of the reflected light level 
or a significance of a tracking error, by which the record- 
ing posftlon information can be determined. 
[0041] Next, a focused layer (an information recording 
layer to be focused on as an object of recording) is set 
to a given information recording layer (step S3). In this 
condition, the information recording layer can be appro- 
priately selected so as to meet a convenience of record 



processing. Then, tt is determined wtiether a free area 
required for recording exists in the focused layer on the 
basis of the recording position information obtained in 
the steps Si and S2 (step 84). As a result, if the free 

5 area In the focused layer Is insulticier}! (step S4: NO), 
an Information recording layer ether than the information 
recording layer set In the step S3 Is set as a focused 
layer (step 35) and the control progresses to the step 
84. If it is determined that there is no free area in all the 

^0 information recording layers, the processing in FIG. 5 \s 
terminated, 

[0042] Next, the boundary portion 33 of each informa- 
tion recording layer other than the focused layer is iden- 
tified on the basis of the recording position informatfon 
f5 (step S6). In other words, Ft is to inhibit an area affected 
by the boundary portion 33 from being recorded in order 
to prevent the condition described in FiG, 2 and FIG 3. 
Then, an effect of the boundary portion 33 identified in 
the step 36 on a tracking servo Is determined to judge 
whether it is within an allowable range of a normal track- 
ing sen/o (step 87). 

[0043] In the step 87, various detennination rules can 
be used and one of their example is described below. 
Concretely, the detenmmation can be made on the basis 

25 of a ratio of the number of tracks incfuded within the 
range of the luminous flux diameter D in the above ex- 
pression (1 ) in the vicinity of the boundary portion 33 on 
a given overlying layer. For example, if the unrecorded 
area 32 is included in one side within the range of the 

30 luminous flux diameter D, the following expression Is 
used for the determination with the number of unrecord- 
ed tracks m included there: 

M/(D/rP)<TH (2) 

where TH is a threshold and TP is a track pitch, if the 
unrecorded area 32 exists entirely and the recorded ar- 
ea 31 partially exists, the samecateulation can be made 

40 by using tfie number of recorded tracks included there. 
In addition, the threshold TH can be appropriately set 
according to a size of the luminous flux diameter D or a 
difference of a reflectance or a transmittancs between 
the recorded area 31 and the unrecorded area 32. 

45 [0044] \f the effect on the tracking servo is determined 
to be outside the allowable range in the step 87 (Step 
S7: NO), information is inhibited from being recorded 
onto the corresponding areas in the focused layer (step 
S8). in other words, ft Is possible to prev^t recording 

so onto the focused layer in the condition described by re- 
ferring to FIG. 3 and FIG, 4. 

[004S] Subsequently information starts to be record- 
ed in areas other than the inhibited areas in the focused 

layer (step S9). Then, the recording is terminated when 
55 the required information has been recorded (step 810). 
This termination of the recording is determined on the 
basis of the information in the record area predeter- 
mined In the optica] disk 1. At this point, it is permitted 
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to leave unrecorded areas 33 as remainders not affect- 
ing the tracking servo In other information recording lay- 
ers. 

[0046] As set forth hereinabove, according to the ffrst 
embodiment, If irradiating areas in the vicinity of the s 
boundary portion 33 wfth a laser beam affects a tracking 
servo, it is inhibited to record information onto the cor- 
respondmg areas in a focused layer even if the focused 
information recording layer ^nc^udes both of recorded ar- 
eas 31 and unrecorded areas 32 in recordingonto a mul- 
til aye r optical disk. Therefore, a reflected tight from a 
beam spoton the tracks of the information recording lay- 
er keeps symmetricity of power in the disk radial direc- 
tion, thereby realizing an accurate tracking servo with- 
out causing a tracking offset. ^5 
[0047] Ne>d:, a second embodiment of the present in- 
vention will be described below. Referring to FIG. 6, 
there is shown a flowchart of assistance in explaining a 
procedure for record processing corresponding to the 
second embodiment. At this point, the processing in the 20 
second embodiment is performed on condition that an 
absence of the boundary portion 33 in all jnfomrsation 
recording layers is confirmed on the basis of recording 
position information previous to recording onto a multi- 
layer optical disk. If the boundary portion 33 exists in a 25 
specific information recording layer, the above first em- 
bodiment is executed, for example. 
[0048] In FIG. 6, the focused layer is set to the deep- 
est layer (the deepest [ayer viewed from an angle of the 
laser beam emitting source) on the above condition 30 
(step S11 ). Then, it is detemnined whether a free area 
required for recording exists in the focused layer on the 
basES of the recording position information (step Si 2). If 
the free area in the focused layer is Insufficient as a re- 
sult (step S12: NO), an information recording layer on 35 
the information recording layer is set as a focused layer 
(step S13) and then the control progresses to the step 
Si 2 again. When the focused layer reaches the top in- 
formation recording layer, the processing m FIG. 6 is ter- 
minated. 40 
[0049] Subsequently, recording information is started 
in the given free area in the information recording layer 
corresponding to the focused layer (step SI 4). Then, af- 
ter required information is recorded^ the record process* 
ing Is terminated (step SI 5). In this condition, while gen* 45 
sraily recording is advanced sequentially from the inner 
circumferential side to the outer circumferential side, it 
is possible to advance it sequentially from the outer cir- 
ciimferential side to the inner circumferential side. Oth- 
erwise, it is possible to record information if^ random po- so 
sitions in an information recording layer. 
[0050] As set forth hereinabove, according to the sec- 
ond embodiment, information is recorded onto all areas 
in the deepest layer initially and then the operation 
progresses to the upper layer when no unrecorded area ss 
32 remains in recording onto the multilayer optical disk. 
After that, the operation progresses to the upper layer 
sequentially on condition that information is recorded 



onto all areas in each information recording layer in the 
same manner. In other words, the recording is per- 
formed under the condition that recording is completed 
in all underlying layers of the Information recording ^ayer, 
wh[ch is an object of recording, without laser beam re- 
flected nor transmitted on the boundary portion 33 while 
no information is recorded in overlying layers. There- 
fore, there is no need for identifying the boundary portion 
33 whenever information is recorded, thereby resolving 
the problem in the tracking servo. caused by the laser 
beam transmitted or reflected on areas in the vicinity of 
the boundary portion 33. 

[0051 1 While the operation is advanced from the 
deepest layer to the upper iayer sequentially m the re- 
cording order preset for the information recording layers 
in the second embodiment, it is possible to advance ^t 
from the top layer to the lower layer sequentially in con- 
trast or to set a given recording order to each information 
recording layer. 

[0052] As set forth hereinabove, according to the 
present invention, when information is recorded in a 
multilayer opticai information recording medium. Infor- 
mation IS recorded m such a procedure that recording 
is inhibited in positions where it is affected by a boundary 
portion between a recorded area and an unrecorded ar- 
ea, thereby realizing an information recording apparatus 
capable of detecting an accurate tracking error without 
affecting a tracking servo in an information recording 
layer to be an object of recording even if a reflectance 
or a transmittance varies In each information recording 
layer. 

[0053] The invention may be embodied in other spe- 
cific forms without departing from the spirit or essential 
characteristics thereof. The present embodiments are 
therefore to be considered in all respects as illustrative 
and not restrictive, the scope of the invention being in- 
dicated by the appended claims rather than by the fore- 
going description and all changes which come within the 
meaning and range of equivalency of the claims are 
therefore intended to be embraced therein. 



Ctaims 

1 . An info rmation recording apparatus for optically re- 
cording information onto an information recording 
medium (1) having a plurality of information layers 
(12,14) » Characterized by: 

a detecting device (24a) for detecting a position 
of a boundary portion (33) between a recorded 
area (31) where the information has already 
been recorded and an unrecorded area (32) in 
the information recording layer (12,14); 
an inhibiting device (21) for inhibiting recording 
the information onto an area in one information 
recording layer (1 4) in a case where the bound- 
ary portion (33) in an infomiation recording lay- 
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er (1 2) may affect a tracking setvo for recording 
the information onto said one information re- 
cording layer (14). 

2. The information recording apparatus according to 5 
claim 1, wherein the inhibiting device (21) includes 
a determing device (21) for determing a degree of 
the effect of the boundary portion (33) on the track- 
ing servo on the basis of the number of recorded or 
unrecorded tracks of the other Information record- 
jng layers within a range of a diameter of a luminous 
flux m the boundary portion irradiated with a light 
beam for recording. 



3, An information recording apparatus for optically re- ^5 
cordirg information onto an mformation recording 
medium (1) having a plurality of information layers 
(12,14) with a light beam for recording, character* 
fzed by: 

20 

a recording device (24) for recording the infor- 
mation onto the target informatioo recording; 
a tracking error detecting device (24a) for de- 
tecting a tracking error on the basis of the light 
beam receiving signal; 25 
a controlling device (21) for controlling a re- 
cording order for the respective information re- 
cording layers (12,14) so as to start recording 
onto another information recording layer (12) 
when recording onto the whole area of the tar- so 
get information recording layer (1 4) is complet- 
ed. 



4. The Information recording apparatus according to 

claim 3, wherein the controlling device controls the 3S 

recording order so as to record information onto an 
adjacent information recording layer one by one to- 
ward a light beam emitting source from the informa- 
tion recording iayer farthest from the light beam 
emitting source. 40 



S, The information recording apparatus according to 
claim 3, wherern the controlling device controls the 
recording order so as to record mformation onto an 
adjacent information recording layer one by one far- 45 
ther from a light beam emitting source from the in- 
formation recording layer nearest the light beam 
emitting source. 
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(54) Information recording apparatus 



(57) An information recording apparatus capable of 
detecting an accurate tracking erroreven if a reflectance 
or a transmittance of respective information recording 
layers varies when information is recorded onto a mul- 
tilayer optical information recording medium having a 
piuraNty of information recordlr^g layers, wherein the ap- 
paratus comprises a detecting device for detecting a po- 
sition of a boundary portion (33) between a recorded ar- 



ea (31) where the information has already been record- 
ed and an unrecorded area (32) in the information re- 
cording layer; an inhibiting devicefor inhibiting recording 
the information onto an area m one information record- 
ing layer in a case where the boundary portion in an in- 
formation recording layer may affect a tracking servo for 
recording the information onto said one information re- 
cording layer. 
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